Abstract The NIH roadmap has among its goals, to promote studies designed to improve public understanding of biomedical and behavioral science, and to develop strategies for promoting collaborations between scientists and communities toward improving the public's health. Here, we report findings on the impact of a partnership between the Oregon Health and Science University (OHSU) and the Oregon Museum of Science and Industry (OMSI) designed to inform the public about health research being conducted in Oregon, which was linked to a 17-week traveling exhibition of BodyWorlds3. Measures included the public's understanding of health knowledge, attitudes, intended health behaviors, and visitor experience in their interactions with OHSU experts/volunteers, which were collected using exit surveys administered verbally. Nine hundred fifty-three surveys were included in analyses. Among those who felt that health behavior change was relevant to them, 67.4% of smokers (n = 133) intended to change their smoking behavior, 58.6% (of 677) intended to change their eating habits, 60.3% (of 667) intended to change their exercise routine, and 47% (of 448) intended to change their dental care habits. Forty-six percent of these visited the OHSU research exhibits (n = 437), and responded to how the exhibit changed their understanding about and openness to participate in health research. Greater than 85% had a much improved understanding of NIH research at OHSU and [58% reported they would be willing to participate in future research studies at OHSU. In conclusion, research partnerships between academic institutions and community-based museums appear to be viable ways to inform the public about research, stimulate their interest as future participants, and possibly influence their intention to improve health behaviors.
Introduction
In the decades since chronic illnesses replaced infectious diseases as the leading causes of death, public health researchers have shifted their focus from the individual to the community in recognition that community-level changes will foster and sustain behavior change. The prior emphasis on individual lifestyle change has been broadened to include social and environmental factors, often without increased resources [1, 2] . In 2007, the National Center for Chronic Disease Prevention and Health Promotion and the Division of Adult and Community Health hosted a panel of expert advisors to participate in the National Expert Panel on Community Health Promotion. Their charge was specifically to identify new ways to support community health promotion at the national level [3] . Recommendations from this panel included promoting community-based participatory research, surveillance, training and capacity building [3] . Similarly, the NIH (National Institutes of Health) roadmap has among its goals, to promote studies designed to improve public understanding of biomedical and behavioral science, and to develop strategies for promoting collaborations between scientists and communities toward improving the public's health [4] .
Though laudable as a goal, studies on how to accomplish NIH's goal successfully are limited. Many research papers on health promotion, research, and educating the public focus on use of the Internet [5] [6] [7] , which are individualized versus community-based activities. Other studies have focused on using tighter social networks, such as senior centers or church-based programs to reach the public [8] [9] [10] [11] [12] . Much less is known about research partnerships with nonfaith based programs or those where membership is more loosely characterized.
We created a partnership between the Oregon Health and Science University (OHSU) and the Oregon Museum of Science and Industry (OMSI) designed to inform the public about health research being conducted in Oregon. A central feature of this partnership was a combined exhibit project where OHSU co-sponsored a 17-week exhibition of BodyWorlds3, a traveling exhibition of preserved human bodies and body parts that are prepared using a technique called plastination to reveal inner anatomical structures on over 200 authentic human specimens [13] . At the time of the OHSU/ OMSI partnership, there were three versions of the exhibit, and OHSU received the 3rd one. The mission and purpose of BodyWorlds is to educate the lay public about the human body, leading to a greater appreciation of its complexities and better health awareness [14] . All the human plastinates are from people who donated their bodies for plastination via a body donation program. More than 25 million people have seen at least one of the BodyWorlds exhibits to-date [15] . We linked a series of 17 thematic research exhibits to the BodyWorlds exhibit to educate the public about research going on at OHSU. The Oregon Clinical and Translational Research Institute (NIH Clinical and Translational Science Award), in part, funded this project to develop and staff the OHSU research exhibits, especially the evaluation activities. The purpose of this paper is to report on our mixed methods approach to evaluating the impact of this program on the public's understanding of health knowledge, attitudes, intended health behaviors, and visitor experience in their interactions with OHSU clinical experts, NIH researchers and other volunteers.
Methods
A planning committee was formed between OHSU basic science, clinical and research faculty and leadership, and administrative staff from the OMSI. The planning committee developed strategies for creating 17 thematic research presentations, which were rotated weekly for one of each of the 17 weeks of the BodyWorlds exhibit as well as media/marketing strategies to engage the public. A subcommittee was formed to create evaluation instruments, develop assessment approaches, and collect and analyze evaluation data. All evaluation activities were reviewed and approved by the OHSU Institutional Review Board (IRB). Finally, a sub-committee was formed to recruit and train OHSU faculty in how to respond to questions regarding both the BodyWorlds exhibit and the OHSU/NIH research being presented during the theme weeks.
The Exhibits OHSU schools, departments or programs developed two types of exhibits on NIH-funded research at OMSI. The two formats were designed to address different types of health messaging. The first format was the permanent, unstaffed exhibits, produced to introduce the public to the NIH, translational research, and that federal tax dollars funds most of the biomedical research at OHSU. The unstaffed exhibits required large amounts of time and financial resources to design, prototype, construct, and then deploy to emphasize the role of the NIH in biomedical research at OHSU and the importance of current research on informing modern practices. The dentistry exhibit is an example of a permanent unstaffed exhibit designed to introduce the public to modern dental practice and the importance of oral hygiene on whole body health. This was accomplished through an animated interactive game, Jeopardy-style matching game and videos of modern oral surgery and a display of museum specimens of oral and dental anomalies. This type of exhibit was accessible to the public during all hours of the BodyWorlds exhibit.
The second exhibit format consisted of staffed exhibits where NIH researchers directly interfaced with the public and developed a series of schematic posters and simple mechanisms to help explain their research. To optimize the opportunities for interaction with the public, there was a new research theme every week of the 17-week duration of the BodyWorlds exhibit (Table 1) . Each theme week exhibit was staffed with at least two people for 8 h each day of 12 h that the main BodyWorlds exhibit was open. Using this approach, visitors to the NIH-funded OHSU exhibits would have a consistent exposure to unstaffed exhibits and a changing theme of the staffed exhibit upon exiting BodyWorlds.
Survey Design and Testing Procedures
The survey instrument was developed by a team of individuals from multiple departments and centers around OHSU and included twenty-seven questions, which were phrased to measure change as a result of exhibit attendance, and addressed intent to change specific health-related behaviors, knowledge of and willingness to participate in research at OHSU, the role of NIH, and interest in participating in research at OHSU. Questions also covered visitor perception of the OHSU ask the experts and theme displays outside the BodyWorlds exhibit, prior experience with OHSU, personal health concerns and basic demographics. The majority of these items were measured using a Likert scale with values ranging from one to five (strongly disagree, disagree, neutral, agree, and strongly agree). Participants could indicate when an item was not applicable to them. The evaluation team met multiple times to refine question and answer category wording, formatting and to oversee pilot testing of the instrument at the beginning of the project. Lastly, the survey asked two open ended questions, one about the top three health or healthcare concerns of the participants and their families, and the other about how the exhibits improved their understanding of research at OHSU.
Data Collection
Eight data collectors were recruited and specially trained on the background of the project, goals for the evaluation, ethics in human subjects research, pre-survey script, and recruitment tactics, survey instrument, data quality, and data collection logistics. To ensure consistency with the interviewer-administered survey instrument the team reviewed each question one by one, role-played in front of the rest of the team, and split into pairs and took turns as interviewer/interviewee. The team supervisor was also present during each data collector's first shift to ensure uniformity in data collection methods. Surveys were completed interview-style and took 5-10 min to complete. Data collectors recorded participants' responses on a scannable form. Participants received two tickets for a scenic aerial tram ride in Portland in appreciation for their assistance. Data collection was conducted over the course of 2 months between July 30th and September 29th, 2007. Data collection shifts were 4 hours long. Originally the data collection schedule was designed to cover morning, afternoon and evening blocks on every day of the week. Evening shifts turned out to be much slower, however, and about half way through data collection we changed the remaining evenings to day shifts in order to reach our target of 1,000 completed surveys. We conducted evaluation activities during all but one of the OHSU theme week exhibits during the data collection period, which after pilot testing, occurred between Week 8 and Week 17. The 1 week where data collection was missed occurred inadvertently due to an unanticipated scheduling problem. 
Sampling Strategy
The first person who passed the data collectors at the start of each shift was approached and asked to complete the survey; if that person declined to participate, the next person would be approached, and so on, until an individual agreed to participate. Once the data collector completed a survey, reviewed the form for accuracy and filed it away, s/he was instructed to approach the second (rather than the first) person who passed. If this person refused, s/he was told to approach each following person as above. Only one member of a family or group was interviewed in order to optimize sample diversity.
Data Analysis
Descriptive statistics were used to characterize study participants' responses. Not applicable responses were excluded from some results, which are described. Reponses to questions with strongly agree and agree were collapsed into one category for overall agreement, and strongly disagree, disagree, and neutral were collapsed as indicated in other analyses. Text responses from the open-ended questions were analyzed using a standardized iterative process [16] , facilitated by the qualitative data management and analysis software QSR NVivo. Key themes emerging from the open-ended answers were transformed into codes, and the codes applied to the data. Two team members independently coded a percentage of the text responses, and code definitions were revised and data re-coded until acceptable agreement was reached.
Results
A total of 984 surveys were returned, scanned, and verified. Five people were under 18 years of age and 26 were current or former OHSU employees. Thus, 31 participants were not eligible to complete the adult survey, leaving 953 surveys for analysis. The demographics of the sample are summarized in Table 2 . The age and gender distribution of the sample was very similar to the survey conducted by OMSI during the BodyWorlds exhibit. The majority was female, in the 45-64 year age category, well educated and Caucasian. While all respondents (n = 953) viewed the BodyWorlds exhibit, less than half (46%) additionally viewed the OHSU research exhibits. Reasons for not viewing the OHSU exhibits included (categories not mutually exclusive): not enough time (35.0%), not interested/not aware (48.5%), and 35.9% had other reasons (tired or hungry or overwhelmed by BodyWorlds, kids who were ready to go home, wanted to move on to other parts of OMSI, exhibits were too crowded or unmanned).
Participants were asked how their experience at BodyWorlds influenced their intentions to change health behaviors in three areas: eating and exercise habits, smoking, and dental care. Approximately 30% of those surveyed (n = 286) did not feel that changing the amount of exercise they do was applicable to them, 29% (n = 276) did not feel that changing their eating habits was applicable to them, [86% of the sample did not smoke (n = 820), and 45% (n = 429) did not feel that changing the care of their teeth was applicable to them. Figure 1 provides the percent of respondents that intend to change their health behavior among those for whom the question was applicable (response numbers vary because categories were not mutually exclusive). Among those who smoked, the intention to change behavior was highest, with exercise change and eating habits change closely following. Figure 2 illustrates, among those who visited the OHSU research exhibits (n = 437), respondents' reactions to how Tables 3 and 4 . Top health/ healthcare concerns were lifestyle-related items such as diet, fitness, weight and prevention, and health maintenance, as well as access to care and potentially lifethreatening diseases like heart disease, cancer, and diabetes. When asked the most important thing they had learned about research at OHSU, respondents discussed gaining a better understanding of anatomy and organ systems, amazement at the amount and variety of research conducted, a greater awareness that the ultimate goal of research is better population health, and an appreciation that an academic institution was reaching out to the community. Eighty-one respondents could not characterize what they learned, left this variable blank or said they did not learn anything.
Only 26% of those surveyed asked a question of or listened to one of the OHSU experts, either in the BodyWorld3 exhibit or the OHSU research exhibits. Of the 247 people (26% of those surveyed) who asked a question of or listened to an OHSU expert, 97.6% found it helpful to very helpful. Only 2.4% found that the interaction was not helpful at all.
Of the 699 individuals (74% of those surveyed) who did not interact with an OHSU expert, 43.5% (n = 304) did not have questions for the expert, 15.7% (n = 110) said it was hard to find an expert, 4.3% (n = 30) said it would take too long to wait to speak to an expert, and about 52% (N = 361) had other reasons; for those who listed a reason, 216 said there were no experts present, 51 said the BodyWorlds audio tour answered their questions, 40 were experts or had access to an expert elsewhere, and 28 said the written explanations in the BodyWorlds exhibit answered their questions, 18 did not feel like talking to the Fig. 1 Intention to change health behaviors as a result of the exhibits Fig. 2 Respondent understanding about/interest in research at OHSU (n = 437). *NIH = National Institutes of Health experts, BodyWorlds was a personal experience, and 11 said their kids prevented them from asking questions of the expert.
Discussion
Our study is significant in that our findings suggest that this partnership between an academic medical center and a community science museum made a positive impact in two important areas: intention to improve health habits in diet and exercise, and participants' knowledge about and interesting health research being conducted at OHSU. The BodyWorlds exhibit provided a vehicle to bring approximately 400,000 visitors to OMSI, and we used this opportunity to improve the public's understanding of NIH funded research being conducted at OHSU schools of medicine, nursing, dentistry and engineering, all related to the health professions. Our findings suggest that we have made a positive impact in two important areas: intention to improve habits in diet and exercise, and participants' knowledge about and interest in health research being conducted at OHSU. Why is intention to change health behaviors important? Several studies have shown that the greatest predictor of behavior change is change in intention to change that behavior [17, 18] . If our participants were considering a health behavior change and we were able to reinforce that intention or identify the initial need to change behavior, then we may have had an impact on their stage of health behavior change [19] from pre-contemplation or contemplation toward action or maintenance of future health.
Interestingly, lifestyle factors were the most frequently mentioned topic in response to the open-ended question on top health or healthcare concerns. Each of these factors (diet, fitness, weight, preventive care) require action on the part of the individual, and is further evidence that BodyWorlds, in conjunction with the OHSU thematic research exhibits, may have had an impact on health behavior. The mechanism is as yet unclear, although it may be a combination of fear (seeing real-world anatomical examples of the negative effects of unhealthy choices) and empowerment that comes from a better understanding of the body. Further research could aid in elucidating the process through which exhibits of this sort move people along the continuum of health behavior change.
Why is participants' knowledge about and interest in health research important? The NIH has funded research at academic institutions for decades that have made little difference in most health indices, such as morbidity and mortality. The NIH's CTSA program is designed to improve the translation of research from ''bench to Substance abuse 27
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Urinary system 19 bedside'' and beyond into public health and communitybased clinical practice [4] . To do this successfully will require academic institutions to actively partner with community-based agencies and organizations. While this has occurred in the past, efforts need to increase rapidly and in many ways be different than they have over the past decades. It was sometimes difficult to recruit active NIHresearchers to leave their labs and come down to the local science museum to talk with the public. The themse listed arose from those groups willing to make such a commitment and to spend time developing explanatory posters and mechanisms for demonstrations. The program was designed so that visitors of the exhibit would emerge from the BodyWorlds exhibit and then directly enter the OHSU health research exhibits. Evaluations were conducted for both the general public visitors (age 18 and older) and for school groups, the latter of which involved the ''Science in the City'' Program (age 10-18). Specific methods and findings from the child portion of the project are reported elsewhere [20] . Past and present employees of OHSU were excluded from the study. In prior studies, the academic institution received all or most of the funding for the research and community members volunteered their time and resources. More recently, community-based participatory research (CBPR) approaches have emerged and have been used in studies ranging from smoking cessation behavior to overcoming health disparities [21] [22] [23] [24] . Ideally, CBPR is a collaborative approach to research that equitably involves all partners in the research process and recognizes the unique strengths that each brings [25] . CBPR has been associated with enhanced recruitment to research studies [26] , and is particularly important for studies on culturally diverse populations [27, 28] . Clearly, the traditional scope of public health must be broadened to advance a new vision for improving community health and wellness. In addition, accrual of patients to both clinical trials for disease treatment as well as studies to promote health among all population age groups can be challenging, especially in underserved populations [29] . If the type of program we conducted could improve interest in research, accrual could potentially become easier.
Answers to the open-ended question about what visitors to the thematic week exhibits learned from the displays also suggest that a sizable number increased their understanding of the scope of research conducted at OHSU, as well as the inherent value of health research. Respondents also indicated an appreciation for the fact that OHSU was involved with the community and was dedicated to sharing information with the public. As one person said, they are ''trying to get information to the public, not just to [the] academic community.' ' We were surprised to learn that we made a nearly 50% improvement in a well educated sample's understanding that NIH research is funded by U.S. tax dollars. We expected that more participants, given the demographic characteristics of our participants having attended or graduated from college, would understand how NIH is funded. We were also surprised that this population appeared somewhat reluctant to speak with many of the physician or scientists who served in the role of experts for both the BodyWorlds and OHSU research exhibits. It may be that the public, in general, are intimidated by individuals with advanced training or perhaps those with advanced training do not appear open or welcoming to the public. More research is needed to understand this issue fully. If physicians and scientists are to be ''stewards'' of the health of the nation, successfully achieving appropriate interactions will be important.
A strength of our study is that we achieved a sample of nearly 1,000 respondents, which when compared to OMSI's evaluation of characteristics of those who attended the exhibit were very similar. This suggests that our respondents were fairly typical of the type of community member who would attend this type of program.
Our study has some important limitations. Respondents took part in a post exhibit survey that was administered orally by trained research assistants. Though careful training and monitoring of collection procedures occurred, the study design as an observational post-test is limited. The evaluation sub-committee spent significant efforts attempting to implement a pre-post test design to more accurately capture changes in knowledge, attitudes and intended health changes, but the logistics of enrolling at the pre-period and capturing follow-up data following a very intense experience of examining closely human cadavers was not feasible. In addition, our design did not allow for a comparison group, which might have been possible if another exhibit on a different area had been available, but this was not the case. Despite these limitations, it is important to share findings in the published literature to provide a foundation of research on engaging the public and improving their understanding of and interest in healthrelated research.
In conclusion, research partnerships between academic institutions and community-based museums appear to be viable ways to inform the public about NIH research, stimulate their interest as future participants, and possibly influence their intention to improve health behaviors.
